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ABSTRACT 


With  the  identification  of  the  position  of  a luirinous  dial  pointer 
as  the  threshold  criterion,  l\uninance  thresholds  were  determined  at 
various  times  during  dark  adaptation  following  preadaptation  to  Cathode 
Ray  Tube  displays.  Each  display  consisted  of  a vertical  trace  line 
which  traversed  the  Cathode  Ray  Tube  screen  at  one  of  three  rates. 

Dark  adaptation  curves,  obtained  after  adaptation  to  the  different 
displays  are  superimposed;  initial  thresholds  are  relatively  low 
(-2,0  log  irillilamberts ) ; and  dark  adaptation  is  essentially  complete 
in  five  minutes*  The  findings  are  interpreted  to  indicate  that  in 
certain  Air  Force  applications,  viewing  such  displays  causes  a defi- 
nite temporary  loss  in  the  obseinrer's  ability  to  read  instrument 
dials  and  to  perceive  ob.jects  external  to  the  aircraft* 
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DJTHODDCTION 


Ln  many  Air  Force  situations  an  iMividual  is  req:aired  to  perfora 
▼isual  tasks  in  dia  illuaination  shortly  after  exposure  to  relatively 
high  luainances*  After  the  illximination  to  which  an  observer  has  been 
exposed  is  decreased  or  cut  off,  the  eye  gradually  becomes  acre  sensl» 
tive*  Such  an  Increase  in  sensitivity  is  called  dzurk  adaptation;  its 
aeasurenent  is  usually  in  terms  of  the  ainiaom  luainance  required  for 
li^t  detection.  Among  the  more  important  paraaeters  which  are  known 
to  influence  the  course  of  dark  adaptation  are  the  duration,  luminance, 
and  area  of  the  preadaptation  stimulation,  and  the  duration,  area,  and 
spectral  characteristics  of  the  test  stimulus  (8,  12,  13,  15*  21,  22), 

The  present  study  of  dark  adaptation  is  dictated  by  a specific 
applied  problen,  vis«,  how  does  an  observer's  ability  to  read  instrument 
dials  vary  with  time  in  the  daurk  after  viewing  a Cathode  Bay  Tube  (CRT) 
display?  More  explicitly,  during  time  in  the  dark  after  exposure  to 
a CRT  display,  what  miniaan  luminance  of  a dial  pointer  is  required  for 
correct  identification  of  the  position  of  the  pointer? 

The  CRT  displays  consisted  of  vertical  trace  lines  moving  horizontals 
ly  across  the  screen  at  three  different  rates.  The  dial  employed  to  deter- 
mine luminance  thresholds  was  selected  on  the  basis  of  recommendations 
by  the  Armed  Forces-KRC  Vision  Committee  (23), 

APPARATUS 

A schematic  diagram  of  the  optical  system  of  the  apparatus  is  shown 
in  Fignre  1.  The  apparatus  is  designed  to  provide  the  observer  with  (1) 
a CRT  display  as  a preadapting  source  euad  (2)  a dial  face  with  luminous 
markers  and  a luminous  pointer  as  the  threshold  test  stimlus.  The 
complete  system,  with  the  exception  of  the  projection  lamp  and  the  sur- 
face of  lens  1 fsicing  the  lamp,  is  enclosed  in  a wooden  structure 
painted  with  flat  black  paint. 

Preadaptation  ggstea 

Li^t  rays  from  a Cathode  Bay  Tube  screen  passed  throng  the  dia- 
phragm of  shutter  2,  a sianually  operated  studio  shutter,  and  struck  a 
mirror  which  reflected  some  of  the  rays,  reducing  the  luminance  by  53^* 
From  the  mirror,  light  rays  passed  throu^  a 3 exit  pupil  to  the  eye. 

The  CRT  screen,  subtending  a visual  angle  of  10^12',  was  at  an  optical 
distance  of  28  Inches  from  the  exit  pupil* 

The  sweep  circuit  of  an  auxiliary  cathode  ray  tube  was  electrically 
connected  to  the  vertical  deflection  plates  of  the  preadapting  CRT, 

Type  30AA,  5CP4A,  The  resulting  display  on  the  CRT  screen  was  a vertical 
trace  line.  The  width  and  luminance  of  the  line  were  set  to  1,5  an  and 
160  millilamberts  by  means  of  the  focus  and  intensity  controls.  The 
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IttBinance  at  the  exit  pupil  was  75  Billilamherte.  The  width  and  ItubI- 
nance  of  the  stationary  vertical  trace  line  on  the  CBT  screen  were 
aeasured  hy  neans  of  a technique  originated  and  described  by  Eanken(19}» 
The  luninance  value  refers  to  the  luainance  at  the  center  of  the  trace. 
Horizontal  movement  of  the  line  across  the  screen  was  regulated  by  the 
sweep  circuit.  The  three  rates  of  movement  used  were  one  line  crossing 
the  CRT  screen  per  second,  30  lines  per  second,  and  6o  lines  per  second. 
Two  techniques  were  employed  to  measTire  the  rates  of  horizontal  movement 
of  the  vertical  line.  The  one  line  per  second  rate  was  measured  with  a 
stop  watch.  The  other  two  rates  were  determined  by  Lissajous  patterns 
obtained  with  the  aid  of  a photosensitive  tube  used  in  conjunction  with 
an  amplification  system. 


The  CRT  was  "wairmod  up"  at  least  five  minutes  before  being  exposed 
to  the  observer.  Both  tubes  were  operated  at  a monitored  115  volts  AC. 


DIAL  FACE 


A 


Figure  1.  Schematic  diagram  of  the  optical  system  of  the  apparatus. 
See  text  for  full  explanation. 
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Threshold  Determination  System 


A seasoned  projection  lamp  was  located  at  focal  distance 

from  lens  1 and  operated  at  a monitored  12.0  yolts  DC,  This  laa^  served 
as  the  sotirce  for  threshold  determinations.  Parallel  rays  passed  from 
lens  1 to  lens  2 which  focused  them  at  shutter  1,  a sector^disk  shutter 
with  an  exposure  duration  of  0,019  second,  driven  hy  a synchronous  motor 
at  60  rpm.  When  shutter  1 was  activated  hy  means  of  a solenoid  circuit, 
a circular  patch  of  light  was  cast  on  the  hack  surface  of  the  dial  which 
was  located  28  in.  from  the  exit  pipil. 

The  flat  black  metal  dial  face  was  fitted  with  four  flashed  opal 
radial  markers,  90°  apart*  The  inner  tip  of  the  largest  marker,  the 
pointer,  was  31'  visual  angle  distant  from  the  dial  center;  the  pointer 
dimensions  were  2®18'  by  12',  The  inner  tip  of  each  of  the  other  markers 
was  2®26'  visual  angle  from  the  dial  center;  each  meastired  by  27'* 
Since  the  completely  rod-free  area  of  the  retina  extends  50'  laterally 
from  the  foveal  center  (Polyak,  18),  19'  of  the  pointer  fell  in  a rod- 
free  area.  Therefore  at  Ituainances  below  cone  threshold  only  1°59'  (or 
less)  of  the  pointer's  length  effectively  stimulated  the  observer. 
Rotation  of  the  dial  was  aecon^lished  "by  a cable  control  system.  Pour 
pointer  positions  were  used;  up,  down,  left,  and  ri^^ht.  The  last  posi- 
tion is  shown  in  Pigure  IB,  The  red  tip  (12'  visual  angle)  of  a curved 
lucite  rod,  located  at  the  center  of  the  dial  face,  served  as  the 
fixation  point;  it  was  illuminated  with  a 6 volt  screened  source. 

The  light  rays  which  passed  through  the  dial  markers  struck  the 
mirror,  which  transmitted  some  of  the  light,  reducing  the  luminance  to 
8^  of  its  full  value.  Prom  the  mirror  the  light  rays  passed  through 
the  exit  pupil  to  the  eye.  Circular  stop  1,  3*7  c»  in  diamter,  was 
flush  with  tie  central  portion  of  lens  1;  it  served  to  limit  the  diameter 
of  the  light  beam.  Stop  2,  which  measured  10  mm  vertically  by  mm 
horisontally,  was  contiguous  with  shutter  1;  it  excluded  stray  light 
and  aided  in  the  rapid  onset  and  termination  of  the  flash  on  the  dial 
back.  Luminance  was  controlled  by  a fixed  filter  and  by  the  wedge  and 
balance. 

The  pointer  luminance  was  determined  by  replacing  the  dial  with  a 
flashed  opal  plate  of  the  same  type  used  to  construct  the  markers.  The 
mirror,  the  exit  pupil  section,  and  the  filters  were  removed,  shutter  1 
was  opened,  and  the  wedge  was  set  to  allow  maximum  transmission.  Lumi- 
nance measurements  were  then  mside  with  a Macbeth  illumlnometer. 

The  density  of  the  filter  was  measured  with  a Marten's  photometer, 
and  the  wedge  scale  values  were  checked  with  an  Eastman  densitometer* 

The  mirror's  transmission  and  reflectance  wei^  determined  with  A ltaev 
beth  illxuainometer.  Beckman  spectrophotcmieter  measureaents  indicated 
that  the  mirror  transmitted  a slightly  greater  percentage  of  the  li^t 
of  longer  wavelengths. 
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FEOCEDTIBI! 


Two  experienced  obserrers  participated  in  the  experiment;  obserrer 
MZ,  a female,  wae  sli^tly  hTpemetropic;  obeerrer  HH,  a male,  ilightly 
myopic.  Both  obeerrerB  possessed  norsial  color  Tlsion*  ^he  right  eye 
of  each  subject  was  used  for  light  adaptation  and  for  threshold  deter- 
minations, 

^he  general  procedure  was  the  same  during  all  experimental  conditions. 
An  obserrer  was  first  dark  adapted  for  5 minutes,  then  li^t  adapted  for 
five  minutes  with  the  CRT  screen  as  the  li^t  source,  and  finally  present- 
ed with  test  flashes  to  determine  thresholds  at  intervals  during  the  sub- 
sequent 3C  minutes.  The  only  variation  from  one  condition  to  another  was 
in  the  characteristics  of  the  li^t -adaptation  stimulus.  The  vertical 
trace  line  moved  across  the  CRT  screen  at  rates  of  1,  3C,  and  60  times 
per  second.  Details  of  the  procedure  follow. 

%e  observer  entered  a light  tight  cubicle  axui  the  dark  adaptation 
period  began*  At  I5  seconds,  5 seconds,  and  1 second  before  the  end  of 
this  period  the  observer  was  given  auditory  warning  signals  to  positlcm 
his  chin  in  the  chin  rest  and  to  regard  the  fixation  point*  At  the  end 
of  the  dark>-adaptation  period  the  experimenter  opened  shatter  2,  thereby 
exposing  the  CRT  screen  and  initiating  the  light  adaptation  period*  Yarn- 
ing signals  were  given  15  seconds,  5 seconds,  and  1 second  before  termi- 
nation of  the  light  adaptation  period;  at  the  completion  of  the  x>arlod 
the  experimenter  closed  shutter  2 and  turned  off  the  CRT. 

At  predetermined  intervals  during  the  next  3C  minutes  test  flashes 
were  presented  to  determine  thresholds.  Preceding  each  flash,  15,  5, 
and  1 second  warning  signals  were  given  to  allow  the  observer  to  posi- 
tion his  chin  and  fixate  the  red  point.  At  the  proper  time  the  experi- 
menter momentarily  closed  the  solenoid  circuit  and  thus  allowed  shutter 
1 to  complete  one  rotation.  The  observer  then  stated  the  position  of 
the  pointer  if  it  was  seen,  or  answered  "no"  if  it  was  not  seen;  the 
experimenter  recorded  the  observer’s  response  and  the  pointer’s  position. 
Before  the  next  test  flash,  the  experimenter  adjusted  the  wedge  setting 
and  the  position  of  the  pointer*  The  observer  maintained  the  luminance 
of  the  fixation  point  at  a near  threshold  level  by  means  of  a potentiometer 
control  in  the  darkroom* 

‘•‘•'he  opening  of  the  sector  disk  shutter  rotated  through  270°  before 
encountering  the  optical  socis  of  the  test  source,  so  the  flash  appeared 
0*75  seconds  after  the  solenoid  circuit  was  closed.  The  solenoid  circuit 
was  momentarily  closed  at  the  30th  second  after  the  end  of  light  adapta- 
tion and  at  30  second  intervals  thereafter  during  the  first  5 minutes, 
at  every  minute  for  the  next  5 minutes,  and  at  every  other  minute  during 
the  subsequent  20  minutes.  In  addition,  in  one  set  of  experimental 
sessions  •under  each  condition,  the  solenoid  circuit  was  momentarily 
closed  5 seconds  after  the  end  of  light  adaptation;  in  another  set  it 
was  closed  at  the  moment  when  shutter  2 was  closed,  thereby  presenting  a 
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test  flash.  0*75  sscond  after  the  termination  of  light  adaptation.  The 
latter  was  accomplished  hy  means  of  a detachable  contact  attached  to 
the  extension  arm  of  shatter  2. 

Daring  the  first  session  under  each  of  the  conditions  of  light 
aidaptation  the  eo^er intent er  endeavored,  by  Judiciously  adjusting  the 
wedge  setting,  to  obtain  a frequent  alternation  of  correct  identifications 
and  of  negative  responses.  In  subsequent  sessions  the  esqperimenter  ad> 
justed  the  wedge  in  an  attea^t  to  obtain  both  a correct  identification 
and  a negative  jud^ent  at  each  of  the  times  when  the  test  flashes  were 
presented.  If  a difference  of  0#2  log  units  or  less  existed  between  the 
highest  luminance  at  which  a negative  response  was  siade  and  the  lowest 
luminance  at  which  a correct  identification  occurred,  the  midpoint  be> 
tween  the  two  luminance  values  was  taken  as  the  threshold  point.  Mis>^ 
takes  in  identification  of  the  pointer's  position  were  treated  as  negative 
responses.  Four  JO  minute  testing  sessions  were  usually  required  to  ob* 
tain  a stiff ieient  number  of  experimental  points  under  each  coxidition  of 
light  adaptation;  four  shorter  testing  sessions  were  necessary  to  obtain 
the  initial  es^rimental  point  under  each  condition. 

^heck  experiments  indicated  no  appreciable  differences  in  the  dark 
adaptation  function  when  either  the  duration  of  the  initial  dark  adap- 
tation period  was  increased  or  the  interval  between  test  flashes  was 
increased. 


HBSULTS  A8D  DISCUSSION 

Figure  2 presents  log  threshold  luminance  values  as  a fonction  of 
time  in  the  dark  following  three  conditions  of  li^t  adaptation  to  a 
CRT  screen.  Only  the  initial  tea  minutes  of  the  course  of  dark  adapta- 
tion are  shown,  ^'he  drop  in  threshold  dtiring  the  subsequent  twenty 
minutes  was  gradual  and  of  small  magnitude;  sifter  thirty  minutes  in 
the  dark  the  threshold  was  between  0.2  and  0.3  log  units  lower  than  the 
threshold  at  ten  minutes. 

Four  findings  are  evident  from  a study  of  Figure  2.  First,  the 
dark  adaptation  function  is  the  same  following  each  condition  of  light 
sidaptatlon.  For  different  conditions  the  differences  between  the 
thresholds  at  any  given  time  sure  well  within  the  rsmge  of  variability 
ordinsurlly  obtained  in  dsurk  sdaptation  studies.  Secondly,  the  initial 
threshold  points,  obtained  0.75  seconds  after  the  completion  of  light 
adaptation,  are  relatively  low.  For  observer  MR  the  three  initial 
threshold  values  are  -2.12,  -2.02.  and  -2.02  log  millilamberts.  respect- 
ively. for  the  1.  30.  and  60  lines/ see  conditions  of  ll^t  ad^tation; 
for  BH  the  corresponding  threshold  values  are  -1.98*  “1*93.  and  -1.70 
log  millilamberts.  A third  point  to  be  noted  is  the  amount  of  decrease 
in  threshold  as  a function  of  time.  If  we  consider  the  extreme  experi- 
mental points.  Figure  2 shows  that  the  threshold  of  HR  drops  approxiamitely 


¥ADC  TR  52-260 


5 


LOG  THRESHOLD  LUMINANCE -ML 


TIME  'N  MINUTES 


Figtxre  2*  Log  threshold  Ituninance  as  a function  of  time  in  the  dark 
following  preadaptation  to  CRT  displays.  The  rate  at  which  the  vertical 
trace  line  scanned  the  CRT  screen  is  indicated  hy  the  coding  of  the 
datum  points. 
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one  log  tmit,  while  that  of  HE  drops  ahout  one-and*» one-half  log  tiaits* 

The  greater  threshold  change  of  EH  is  due  partly  to  the  relatively  hi^ 
Initial  threshold  of  EH  following  the  60  linee/sec  condition  of  light 
adaptation.  The  fourth  finding  is  that  most  of  the  drop  in  threshold 
occurs  during  the  first  five  or  six  minutes;  i*e.,  dark  adaptation  is 
essentially  complete  in  about  five  minutes.  These  findings  are  in 
accord  with  the  data  of  previous  dark  adaptation  studies  (2,  12,  15,  21). 

Before  discussing  the  application  of  these  results  to  Air  Force 
problems  it  is  important  to  consider  the  differences  which  exist  between 
the  task  of  the  observer  in  the  experimental  situation  and  the  task  of 
the  pilot  in  the  practical  one.  The  present  study  obtained  thresholds 
corresponding  to  approximately  50?“  correct  responses.  A criterion  of 
lOO/i  correct  response,  as  is  desired  in  flying,  would  raise  the  threshold 
values  to  the  order  of  one-half  log  unit  above  those  of  the  present  experi- 
ment (l4).  Secondly,  the  experimental  task  involves  a low  level  of  visual 
acuity.  dark  adaptation  ctirve  based  on  a criterion  of  somewhat  higher 
acuity  would  be  of  the  same  form  as  that  of  the  present  experiment  but 
would  be  displaced  upward  on  the  ordinate  (1,  20).  If  a very  hi^  level 
of  acuity  is  required  (as,  for  example,  in  distinguishing  fine  gradation 
markers  on  a dial  face),  the  effect  on  the  dark  adaptation  curve  would 
be  to  reduce  the  range  of  threshold  luminances  and  the  time  required  to 
reach  minimam  threshold.  The  use  of  transmitted  light  in  this  experi- 
ment rather  than  reflected  light  is  a third  point  of  difference  between 
the  experimental  situation  and  certain  practical  situations.  With  re- 
flected light,  contrast  is  decreased  and  consequently  the  pointer  lumi- 
nance threshold  will  be  raised  (6).  In  short,  in  situations  involving 
decreased  contrast,  higher  visual  acuity,  or  100^  correct  response, 
threshold  luminances  will  be  higher  than  those  obtained  in  the  present 
experiment. 

The  duration  of  exposure  of  the  dial  face  is  another  point  of 
difference  between  the  experimental  and  the  actual  situation.  In 
practice  the  time  a pilot  fixates  an  instrument  dial  is  of  the  order 
of  one  or  two  seconds  (3,  4,  10,  11);  in  the  present  es^riment  the 
duration  of  exposure  was  0.01?  second.  Below  a certain  "critical 
dxiration"  the  eye  is  capable  of  Integrating  the  effects  of  light  energy 
distributed  over  an  interval  of  time  (7.  8,  9»  I6);  i.e.,  when  the  dura- 
tion of  exposure  is  increased  the  lumin^ce  required  for  threshold  de- 
creases. A consideration  of  the  data  of  Graham  and  Margaria  (8)  indi- 
cates that  if  the  duration  of  e^^ostire  in  the  present  es^eriment  were 
increased  to  0.10  second  or  longer  the  luminance  thresholds  would 
probably  be  decreased  a few  tenths  of  a log  unit. 

One  other  factor  to  consider  is  the  magnitude  of  the  preadapting 
Iminance  of  the  GET  screen.  However,  the  method  of  measuring  GET 
screen  luminance  recently  developed  by  Banken  (19) » has  not  yet  been 
applied  to  the  calibration  of  the  luminance  of  operational  radar  screens. 
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A direct  comparison  of  the  Inminance  Talue  used  in  this  experiment,  and 
luminances  commonly  employed  in  actual  operations  is  therefore  not  poseihle 
at  present* 

It  is  prohahle  that  the  camulative  effect  of  all  the  shore  mentioned 
factors  would  he  to  maJfe  the  threshold  values  in  many  applied  situations 
higher  than  those  obtained  in  the  present  experiment.  The  amount  hy  which 
the  thresholds  would  he  raised  would,  of  course,  depend  upon  the  specific 
situation* 

Keeping  in  mind  the  conclusion  that  the  thresholds  obtained  in  this 
experiment  may  he  lower  than  those  in  most  Air  I’orce  situations,  we  may 
next  consider  the  application  of  the  experimental  lesults  to  Air  force 
problems.  Three  questions  may  profitably  he  considered:  a)  How  does 

viewing  CRT  displays  affect  subsequent  reading  of  intruments?  h)  How 
does  it  affect  one's  ability  to  perceive  objects  outside  the  aircraft? 
c)  After  viewing  CRT  displ^s,  how  much  time  must  pass  before  the  eye 
once  again  becomes  conpletely  dark  adapted? 

A study  of  Cole,  McIntosh  aaid  Crether  (5)  provides  information 
relevant  to  the  first  question*  They  found  that  the  average  minimum 
luminance  of  the  red  flood  lighting  system  required  for  safe  fli^t  is 
approximately  0*003  millilambert.  Brown  and  Qrether  (2)  determined  that 
the  red  floodll^t  luminance  of  0*003  millilambert  is  equivalent  (in 
terms  of  equal  visual  acuity)  to  a low  color  temperature  white  light  of 
approximately  0.016  millilambert*  T'he  initial  threshold  of  the  present 
ejqteriment  is  about  0*01  millilambert.  Just  below  the  minimum  equivalent 
low  color  temperature  white  light  required  for  safe  flight,  Therefore, 
when  the  factors  of  100^  correct  response,  lower  contrast,  etc.,  are 
considered,  the  results  of  this  experiment  suggest  that  uMer  some  flying 
conditions  viewing  CRT  displays  may  cause  a definite  loss  in  instiument 
visibility* 

Any  loss  in  visual  sensitivity  which  results  from  viewing  CRT 
displays  is,  of  course,  not  restricted  to  instrument  visibility;  there 
is  a general  loss  in  visual  sensitivity*  Therefore,  under  flying  condi- 
tions which  require  high  sensitivity  to  objects  outside  the  aircraft 
preadaptation  to  CRT  displays  may  have  definite  detrimental  effects. 

The  data  of  figure  2 indicate  that,  following  proadaptation  to  the 
CRT  display,  the  eye  must  remain  in  the  dark  for  ^ or  6 minutes  before 
maximum  visual  sensitivity  is  regained*  From  this  we  may  infer  that 
land  marks  on  the  ground  and  aierial  objects  of  very  low  luminance  may 
not  be  detected  by  aircraft  personnel  nntll  5 minutes  havepassed  since 
ejq>osure  to  the  CRT  display* 

The  CRT  displays  stimulate  any  given  retinal  point  intermittently* 
Yhen  the  rate  at  which  the  trace  line  crosses  the  screen  is  increased* 
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the  duration  of  each  etinulation  of  a given  retinal  point  ii  decreased 
and  there  is  a compensatory  increase  in  the  frequency  of  stimulation# 
Therefore*  the  total  time  of  stimulation  for  any  retinal  point  (i#9«* 
duration  of  each  stimulation  tines  the  nunher  of  stimulations)  is  the 
same  under  all  three  conditions  of  light  adaptation* 

A dark  adaptation  experiment  by  Mote*  Hiopelle  and  Meyer  (l?)  is 
comparable  to  the  present  study  in  that  an  internittent  light  sotirce  was 
used  for  preadaptation*  In  both  experiments  the  product  of  duration 
times  frequen<^  of  stimulation  equalled  a constant#  Thou^  a great  many 
differences  exist  between  the  two  experiments*  including  the  size  of  the 
retinal  area  stimulated,  the  retinal  location  of  the  test  stimulus,  and 
the  li^t-daurk  ratio*  a few  general  cougar isons  may  be  made«  First*  in 
both  eocperiments  the  dark  adaptation  curves  obtained  after  various  condi- 
tions of  Intermittent  stimulation  to  a given  luminance  were  the  same# 
Secondly*  in  the  conditions  of  Mote  aJ,  most  comparable  to  those  of 
the  present  st\idy*  the  curves  show  a drop  of  about  1«5  to  2«2  log  tinlts 
and  dark  adaptation  is  essentially  coaplete  in  about  five  minutes#  Thus 
it  may  be  concluded  that  the  scan  rate  of  a GQ9T  display  has  little  if 
any  effect  on  the  eubsequsnt  dark  adaptation  curve# 

The  displays  used  in  the  present  experiment  were  quite  similar  to 
the  presentation  of  a B-scan  radar  scope#  However*  in  generalizing  our 
results  to  actual  radar  displays  the  reader  should  note  that  3»scope 
phosphors  are  of  relatively  long  persistence*  whereas  the  phosphor  used 
in  the  present  ei^erineat  (P-4)  was  of  relatively  short  persistence# 

SUMMRT  AHl)  CONCLUSIONS 

Luminance  thresholds  were  determined  after  various  durations  of 
dsurk  adaptation  following  preadaptation  to  CRT  displays#  The  displays 
consisted  of  a vertical  trace  line  moving  horizontally  across  the  screen 
at  three  different  rates#  The  threshold  criterion  was  the  identification 
of  the  poaition  of  a luminous  dial  pointer# 

1#  Lark  adaptation  curves  following  the  three  conditions  of  pre- 
adaptation are  superimposed#  Thus  the  scan  rate  of  a CRT  display  has 
little  or  no  effect  on  the  subsequent  dark  adaptation  curve# 

2#  Initial  thresholds  (0#75  second  after  the  end  of  preadaptation) 
have  a value  of  approxiimitely  -2#0  log  millilamberts. 

3#  !Hie  threshold  drops  one  to  one-and-one-half  log  unite  before 
reaching  a limiting  value;  this  drop  occurs  during  the  first  five  minutes 
of  dark  adaptation# 

4#  Tiewing  CRT  displays  has  a ten^orary  detrimental  effect  upon  the 
visual  efficiency  of  aircraft  persomel: 

a#  Ability  to  read  inetrument  diale  is  iiq>aired# 
b#  Tisttal  sensitivity  to  objects  external  to  the  aircraft  is 
lowered# 
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